OBJECTIVE -This study was designed to investigate the clinical characteristics of a large type 1 diabetic population and to evaluate the degree of fulfillment of recently updated treatment goals.
I
t has long been established that good glycemic control of diabetes prevents microvascular complications (1, 2) , and epidemiological studies have demonstrated that glycemic control reduces the risk of macrovascular disease (3, 4) . In the recently updated American Diabetes Association (ADA) clinical practice recommendations (2006), the general glycemic goal is A1C Ͻ7.0% with an individual goal for A1C as close to normal as possible (Ͻ6%) (5) . Clinical guidelines in Sweden since 1998 have recommended an A1C Ͻ7.3% (Diabetes Control and Complications Trial [DCCT] standardized A1C). The importance of treating hyperlipidemia (6) , hypertension, and microalbuminuria (7) has clearly been shown, and, thus, strict risk factor control is recommended (5) . The blood pressure goal has been set at Ͻ130/80 mmHg, and the goals for blood lipid levels have also recently been updated (total cholesterol Ͻ4.5 mmol/l, LDL cholesterol Ͻ2.5 mmol/l, HDL cholesterol Ն1.0 mmol/l in men and Ն1.3 mmol/l in women, and triglycerides Ͻ1.7 mmol/l) in ADA and European guidelines (5, 8) .
The incidence of type 1 diabetes is high, Ն20/100,000 inhabitants per year, in Scandinavia (9, 10) . In 2004, 13,612 adult type 1 diabetic patients were reported to the Swedish National Diabetes Register (NDR). This cohort represents about 50% of the adult type 1 diabetic population in Sweden, and many of the subjects had been repeatedly reported to the NDR since 1996. The NDR therefore offers a unique possibility to survey the treatment and risk factor control of type 1 diabetic patients in everyday clinical practice. Thus, the aim of this study was to describe the clinical characteristics of this population and to see to what extent the recommended treatment goals were met, using cross-sectional and longitudinal analyses from 1996 to 2004. It has recently been shown that the gap between guidelines and reality was large in Swedish type 2 diabetic patients as well as in the U.S. (National Health and Nutrition Examination Survey [NHANES] , both type 1 and type 2 diabetes) (11) (12) (13) .
RESEARCH DESIGN AND METHODS -The NDR was initiated in 1996 as a tool for quality assurance in diabetes care, with reports of patient data from hospital outpatient clinics and primary care centers nationwide (11, 14) . Physicians and nurses report patients annually to the NDR using paper forms, computer software, or the Internet. Clinical characteristics, A1C, treatments, and risk factors are registered. All reported patients were aged Ͼ18 years at the time of the study. The epidemiological definition of type 1 diabetes used was age Ͻ30 years at onset of diabetes in patients with insulin treatment only.
In 2004, almost 95% of all hospital diabetes outpatient clinics participated in the NDR, and 97% of all patients in this study were reported from these. The mean reported number of patients was 162 per participating unit. In this study we report results obtained from crosssectional surveys on 9 Measurement of A1C has been quality assured since 1996 in Sweden. Both diabetes outpatient clinics and primary care centers use methods regularly calibrated to the high-performance liquid chromatography Mono-S method. In this report, all A1C values were converted to the DCCT standard levels using the formula: A1C (DCCT) ϭ 0.923 ϫ A1C (Mono-S) ϩ 1.345 (R 2 ϭ 0.998) (15) . The Swedish Data are means Ϯ SD values (n) or frequencies (n). Significance levels were adjusted for age and sex. ASA, aspirin; BP, blood pressure.
standard recommendation for blood pressure recording is the mean value of two readings (Korotkoff 1-5) in the supine position with a cuff of appropriate size (14) . With use of the current World Health Organization and ADA definition, hypertension was defined as blood pressure Ն140/90 mmHg or antihypertensive treatment (5, 16) . The target blood pressure was Ͻ130/80 mmHg, as recommended by the ADA (5). Microalbuminuria was defined as urine albumin excretion of 20 -200 g/min in two of three consecutive tests. A smoker was defined as a patient smoking Ն1 cigarettes/day or who had stopped smoking within the past 3 months. Ophthalmologists graded diabetic retinopathy.
Statistical methods
Results are presented as mean values Ϯ 1 SD. Comparisons between means and frequencies in cross-sectional samples were adjusted for age and sex. Trends for mean values and proportions were calculated with ANOVA and the 2 test. Logistic regression was used to analyze long-term development of A1C and blood pressure as nominal dependent variables, with clinical characteristics at the baseline as continuous or nominal predictors. P Ͻ 0.05 was considered statistically significant. All statistical analyses were performed using JMP (SAS Institute, Cary, NC).
RESULTS

Cross-sectional studies
Clinical characteristics in the crosssectional surveys of type 1 diabetic patients in 1997 (n ϭ 9,424) and 2004 (n ϭ 13,612) are given in Table 1 . Between 1997 and 2004, the mean age and diabetes duration increased slightly, but the mean age at onset of diabetes was virtually unchanged (ϳ15 years). There was an increase in the mean BMI from 24.9 to 25.3 kg/m 2 , but there was no significant difference between men and women.
Mean A1C levels decreased significantly from 8.16% in 1997 to 7.96% in 2004. The proportion of patients reaching A1C Ͻ8.0% increased from 49.1 to 56.2% (P Ͻ 0.001). However, the proportion of patients reaching A1C Ͻ7.0%, recommended by the ADA, only increased from 17.4 to 21.2% (P Ͻ 0.001). Information on types of insulin was available for 2,923 patients in 2004, of whom 88.2% used a short-acting insulin (regular, lispro, and aspart), 36.2% used a medium-acting insulin (NPH), 4.7% used a premixed insulin, and 46.7% used a long-acting insulin (glargine, detemir, and Ultratard). Patients treated with a combination of lispro/aspart and glargine (n ϭ 373) had a slightly lower mean A1C (7.85%) than those treated with a combination of regular and NPH insulin (n ϭ 1,064; 7.95%) (P ϭ 0.16). Possibly because of the relatively small numbers of patients, no significant differences could be seen between treatment groups with different mean age or duration of diabetes. Continuous subcutaneous insulin infusions (CSIIs) were used by 14% of the patients in 2004. Their mean A1C value was somewhat, but significantly, lower than that for all other patients (7.8 and 8.0%, respectively; P Ͻ 0.001). The proportion of CSII patients reaching A1C Ͻ8% was 62% compared with 56% for non-CSII patients (P Ͻ 0.001), and 22% of the CSII patients reached A1C Ͻ7.0% compared with 21% of the non-CSII patients (NS).
Antihypertensive treatment was used to a larger extent in 2004 than in 1997. Slightly improved blood pressure control was seen in all patients and in the subjects treated with antihypertensive agents. Among hypertensive patients, the blood pressure target (Ͻ130/80 mmHg) was reached by only 9% of the patients in 1997 and by 15% in 2004.
Blood lipid levels, registered since 2002, are given in Table 1 . gard to total cholesterol, triglyceride, and LDL cholesterol levels, whereas no change was seen in mean HDL cholesterol levels. The use of lipid-lowering drugs increased, and, among patients using lipidlowering drugs, the present treatment goals were reached in 2004 by 38 and 48% for total and LDL cholesterol, respectively, and by Ͼ 80% for triglycerides and HDL cholesterol. There was also an increase in the use of aspirin, especially in the groups of patients who were also treated with antihypertensive and lipidlowering agents. Only 7% of the type 1 diabetic patients reached the combined treatment goal for metabolic, blood pressure, and lipid control. Among the middle-aged type 1 diabetic patients, the rate of smoking decreased from 17 to 14%, but smoking habits were unchanged in young women (16%). Repeated assessments of eye and foot status were performed in almost all patients in 2004.
Clinical characteristics in relation to diabetes duration are given in Table 2 . The lowest mean A1C was seen in patients with short diabetes duration (36% achieved A1C Ͻ7.0%). In patients with long diabetes duration, the success rate was lower (17-21%). In patients with Ͻ20 years duration of diabetes, there was no difference in mean A1C levels between CSII users and nonusers of CSII (n values 501 and 3,395, respectively), whereas in patients with longer duration of diabetes, glycemic control was clearly better in CSII users (A1C 7.8 Ϯ 1.1 vs. 8.0 Ϯ 1.2%, P Ͻ 0.001; n values 1,060 and 6,175, respectively). With longer duration of diabetes, there was also a marked increase in mean systolic and pulse pressures, as well as in the use of antihypertensive medication, whereas the proportion of patients reaching a blood pressure Ͻ130/80 mmHg was lower. The mean total and LDL cholesterol levels also increased with longer duration of diabetes. Interestingly, the mean HDL cholesterol value increased with longer duration.
Longitudinal study In the longitudinal study, i.e., 4,296 type 1 diabetic patients followed individually from 1997 to 2004, there was a significant decrease in the mean A1C from 8.10 Ϯ 1.23 to 7.98 Ϯ 1.14% (P Ͻ 0.001). Although there was a marginal increase in the mean systolic blood pressure from 129.1 Ϯ 17 to 130.4 Ϯ 17 mmHg, the mean diastolic blood pressure decreased from 74.5 Ϯ 9 to 73.4 Ϯ 9 mmHg (P Ͻ 0.001). The mean BMI increased from A logistic regression analysis showed that long-term successful glycemic control (A1C Ͻ7.3% in 1997 and 2004) was strongly predicted by low BMI, nonsmoking, and absence of microalbuminuria at baseline, independent of age, sex, diabetes duration, and use of antihypertensive drugs (Table 3) . Weight loss from 1997 to 2004 was significantly associated with deteriorating glycemic control during the period, and a subgroup analysis disclosed that this finding was significant among patients with A1C Ն8% at baseline (regression coefficient [95% CI] 0.093 [0.046 -0.141], P Ͻ 0.001), whereas not in patients with A1C Ͻ8% (regression coefficient 0.017, NS). Successful long-term blood pressure control (blood pressure Ͻ130/80 mmHg in 1997 and 2004) was strongly predicted by low BMI and absence of microalbuminuria at baseline and also by weight loss during the period, independent of age, sex, diabetes duration, and use of antihypertensive drugs.
CONCLUSIONS -In this survey,
representing approximately half of all Swedish type 1 diabetic patients treated in everyday clinical practice, glycemic and risk factor control improved slightly but significantly from 1997 to 2004. Thus, the proportion of patients achieving the treatment goals increased, although an A1C Ͻ7.0% (5) was reached by only 21.2% of the patients in 2004, demonstrating a gap between clinical practice and recent guidelines. These findings are, to some degree, consistent with the results of the few other, but smaller, studies addressing glycemic control in similar groups of patients. In the Epidemiology of Diabetes Interventions and Complications (EDIC) study, A1C decreased from 9.1 to 8.3% in the former conventional treatment group but increased from 7.3 to 8.1% in the former intensive treatment group (17). A Dutch study from 1997 showed that 37% of type 1 diabetic patients had good metabolic control, defined as Ͻ20% above the upper limit of normal A1C (18) . In a study of 333 type 1 diabetic patients from New Zealand, there was a nonsignificant tendency toward improved A1C levels from 8.8 to 8.6% between 1998 and 2003 (19) . The NHANES surveys from 1999 to 2002, including both type 1 and type 2 diabetic patients of whom approximately one-fourth were using insulin, showed that 37-49% reached the A1C goal of Ͻ7.0% (12,13,20) .
The importance of multiple risk factor intervention in type 2 diabetic patients was shown in the Steno-2 study (21) . Likewise, type 1 diabetic patients treated in centralized diabetes units in Hungary had lower A1C and fewer microvascular complications than type 1 diabetic patients in the U.S. treated in both primary care and by specialists (22) , although modern care resulted in declining incidence for mortality and renal failure but not for nephropathy and retinopathy according to recent data from the Pittsburgh Epidemiology of Diabetes Complications (EDC) (23) . The Linkö ping Diabetes Complication Study also showed, encouragingly, that modern treatment of type 1 diabetic patients could reduce the frequencies of severe retinopathy and nephropathy after 25 years, from 47 to 24% (24) . The same pattern was seen in a study from Denmark, also showing lower A1C and blood pressure in recent years (25) .
Insulin is mostly given by multiple daily injections in Sweden, and prefilled pens and direct-acting as well as longacting insulin analogs are used to a large extent. Switching to newer insulin regimens might improve glycemic control, and we found a nonsignificant tendency of improved control using insulin analogs compared with other insulin regimens, although the reported numbers of patients receiving the various treatments were small. A recent meta-analysis showed a 0.12% decrease of A1C after a change from regular insulin to short-acting insulin analogs in combination with NPH insulin (26) , but the combination of insulin glargine and insulin lispro has recently been reported to yield a 0.5% decrease compared with regular and NPH insulin in an open study with a cross-over design (27) . In the current study, patients using CSII had a 0.2% lower mean A1C than the patients receiving other treatment regimens, and more patients reached A1C Ͻ8% but not A1C Ͻ7%. Interestingly, CSII was particularly efficient in patients with a long duration of diabetes. Generally, intensive insulin treatment leads to an increasing number of hypoglycemic events (22, 28) . Unfortunately, hypoglycemic events are not yet registered in the NDR, because recognition of this variable in clinical practice is very subjective.
The associations between weight, weight changes, and glycemic control are complex. In type 2 diabetic patients, this issue has been addressed in another study from the NDR (29) . The current study showed that successful glycemic control was predicted by low BMI, nonsmoking, and the absence of microalbuminuria at baseline. This finding is supported in part by results from the Pittsburgh EDC study of 441 type 1 diabetic patients, which showed that a lower baseline BMI was associated with better glycemic control, although weight gain also correlated with improved A1C levels (30) . A recent report from EURODIAB also showed that improved glycemic control was associated with weight gain (31) . In our study, weight loss was significantly associated with deteriorating metabolic control between 1997 and 2004, regardless of BMI at baseline, diabetes duration, or smoking habits. A subgroup analysis showed that weight loss was associated with deteriorating metabolic control only for those with A1C levels Ͼ8%, possibly explained by an insulin-deficient catabolic state with hyperglycemia and weight loss.
Blood (12, 20) . Increasing adherence to guidelines (which included use of ACE inhibitors) was suggested by the increased use of antihypertensive agents in the NDR from 1997 to 2004. The prevalence of hypertension was 46% in 2004 in our study, and 74% of the hypertensive patients were receiving blood pressure-lowering therapy, whereof 15% achieved the blood pressure goals of Ͻ130/80 mmHg. The corresponding figures among type 1 diabetic patients in the EURODIAB (32), Pittsburgh EDC (33) , and Coronary Artery Calcification in Type 1 Diabetes (CACT1) (34) studies were 24, 43, and 35% for hypertension; 42, 62, and 87% for use of antihypertensive medication; and 11, 28, and 42 for blood pressure Ͻ130/80 mmHg (Ͻ130/85 in EURODIAB). Thus, the proportion of patients considered to be hypertensive in our study was relatively high. This situation is probably caused by antihypertensive treatment for albuminuria in normotensive patients (especially ACE inhibitors), an issue also previously addressed by others (32, 34) . Successful blood pressure control with blood pressure Ͻ130/80 mmHg in both 1997 and 2004 was predicted by young age, female sex, short diabetes duration, low BMI in 1997, weight loss during the period, and absence of microalbuminuria in 1997. As has recently been reported in type 2 diabetic patients, lower BMI and absence of microalbuminuria at baseline were strong independent predictors of long-term successful blood pressure control (35) .
Mean total cholesterol was 4.8 mmol/l in all patients, which is lower than 5.5-5.4 mmol/l as found in NHANES 1999 -2000 (12, 20) . The mean HDL cholesterol level was surprisingly high (1.6 mmol/l), and it was even higher in patients with a longer duration of diabetes and could represent a survival factor. In 2004, among the patients given lipidlowering drugs (almost always statins in a smaller subgroup with reported type of lipid-lowering medication, data not shown), 38% reached the present goal levels for total cholesterol and 48% reached the goal for LDL cholesterol. Interestingly, Ͼ80% reached the triglyceride and HDL cholesterol goals. The differences between patients with a short and long duration of diabetes, including treatments and their effects, need to be further addressed in future studies. This is an observational study and data from the participating centers are collected according to local practices and, thus, may vary in accuracy. Guidelines are available to minimize errors, and direct transferal of data from patient record databases is being increasingly used. Some selection bias cannot be ruled out, however, as centers with special interests in diabetes care and quality assurance may participate to a higher degree. This is likely to be a smaller problem with type 1 diabetes than with type 2 diabetes, because hospital outpatient clinics most often participated from the start of the register, and in 2004 Ͼ95% of the clinics reported to the NDR. Another concern is that the patients with significant comorbidity, e.g., patients with cardiovascular disease or patients who are undergoing hemodialysis, may not be reported to the NDR if their diabetes is managed in other clinics. Work is in progress to address this confounding issue. Data concerning socioeconomic variables, which are additional possible confounding factors, were unfortunately not registered in the NDR.
The epidemiological definition of type 1 diabetes in this study (Ͻ30 years of age at the onset of diabetes in patients with insulin treatment only) reasonably well excludes all type 2 diabetic patients. Data concerning the need for insulin treatment within 1 year of diagnosis is currently not available in the NDR, and autoantibody measurements are currently not reported because they are generally not required for the diagnosis of type 1 diabetes in clinical practice. However, 95% of all hospitals reported to the NDR in 2004, and the type 1 diabetic patients constituted around 4% of all diabetic patients in every county council. Thus, the participants of this study amount to Ͼ50% of all type 1 diabetic patients in Sweden and should therefore be fairly representative of patients with type 1 diabetes.
Ninety-seven percent of the patients were managed in hospital outpatient clinics and were generally treated by specialists in diabetology, endocrinology, or internal medicine, as well as by specialist nurses and dietitians. The number of patient visits per year is usually individualized. Recent clinical treatment guidelines have been implemented, based on national and local educational meetings, and are well known by the diabetes teams. The high frequency of yearly foot examinations and fundus examinations every 2nd year (93%) suggests good adherence to such guidelines. Thus, the gap between guidelines and results for glycemic, blood pressure, and lipid control focuses on the difficulties in real life to adequately individualize the treatment of patients.
In this large cohort of type 1 diabetic patients, a slow improvement was seen in glycemic and risk factor control from 1997 to 2004. There is still, however, a big gap between clinical results and treatment goals, and only 7% of the type 1 diabetic patients reached the combined targets for A1C, blood pressure, and cholesterol as recommended by the ADA. A low BMI and absence of microalbuminuria predicted better long-term A1C and blood pressure results. Metabolic and risk factor control in type 1 diabetes is unsatisfactory, and it is crucial that additional and improved therapeutic alternatives be used to improve diabetes care.
